Based on examination of ~180,000 specimens from 695 collections of 443 localities collected from the 1930s to 2015 we report 295 species of caddisflies from Michigan. Of these, 41 are reported from the state for the first time. Another 18 species previously reported from Michigan are listed as doubtful. The 11 most abundant species collectively represented over half of all specimens collected. Conversely, 80 species were known from <10 specimens, and 27 species from a single specimen. The Michigan fauna is similar to those of Minnesota and Ohio, adjacent states with comparable recent collecting effort. Regional and habitat affinities for each Michigan species are reported herein. Due to the high level of species discovery over the last few years, despite a >80-year collecting history, it is likely that additional species remain undiscovered in the state.
Introduction
Despite the ecological importance of caddisflies in aquatic ecosystems and their utility in biological monitoring (Barbour et al. 1999) , the faunas of the northcentral U.S. and southcentral Canada are not well known. Only the faunas of Illinois (Ross 1944) , Minnesota (Houghton 2012) , and Ohio (Armitage et al. 2011 ) have been extensively studied. For the remainder of the region, basic species checklists have been compiled for the Indiana (Waltz and McCafferty 1983) , Manitoba (Flannagan and Flannagan 1982) , Michigan (Leonard and Leonard 1949b) , North Dakota (Harris et al. 1980) , and Wisconsin (Longridge and Hilsenhoff 1973) caddisflies. All of these studies are >30 years old, and it is difficult to ascertain if changes to the fauna have occurred during the interim.
The caddisflies of Michigan are known on a species level primarily from Leonard and Leonard's (1949b) checklist. A compilation of known and suspected species is maintained by Bright (2017) . The overall caddisfly distributions of the state have been divided into three distinct regions corresponding to the Northern Great Lakes, Northern Forested, and Southern Agricultural regions (Houghton 2015) (Figure 1 ). Many additional state records have been reported during the last 20 years (Table 1) , but no comprehensive inventory of the state has occurred since the 1940s. Thus, the objectives of our study were to inventory the state and compile a comprehensive checklist of the Michigan fauna, and to relate this fauna to the three established caddisfly regions and different types of aquatic habitats.
Materials and methods
We have been collecting caddisflies in Michigan since the 1990s, primarily using ultraviolet light traps for adults. Other adult collecting methods have included malaise trapping, sweep netting, and aspirating from riparian rocks and vegetation. Larval collection Table 1 . Past faunal studies of Michigan caddisflies, with resulting numbers of specimens, reported species, and new state records. Nearly all of the specimens associated with these studies were examined during the current study.
Reference
Region Specimens Species State records Ross (1938 Ross ( , 1941 Ross ( , 1944 Ross ( , 1946 statewide ? 101 101 Leonard and Leonard (1949a) methods included kick-netting, hand-picking, and Hess sampling. Most adult collecting took place during June and July, the peak emergence period of caddisflies in central Michigan (Houghton et al. 2011) . Additional collections of adults were made during May, August, and September to obtain early and late emerging species. Collecting sites were chosen to yield a geographically representative sample, paying particular attention to unique habitats, such as intermittent streams, waterfalls, and forested wetlands. We collected from sites that appeared to be the least disturbed of their general area. Unique areas, such as the Huron and Porcupine Mountains in the northeastern Upper Peninsula, the Black River Ranch in the northern Lower Peninsula, Sleeping Bear Dunes National Park in the northwestern Lower Peninsula, and Sarah Jane's Natural Area in the southern Lower Peninsula were sampled more intensively. Most notably, Fairbanks Creek, a pristine small stream in the northern Lower Peninsula, was sampled every week from May to October 2010-2014.
Specimens were identified using Houghton (2012) and more specific taxonomic treatments. Nomenclature follows that of Morse (2017) . Most collected specimens and their respective locality data were databased using BIOTA software (Colwell 2007 ) and deposited in the Hillsdale College Insect Collection or the Illinois Natural History Survey. Some are in the personal collection of DER. Museum specimens from the University of Michigan were examined, especially records associated with Leonard and Leonard's (1949b) checklist. Specimens referenced in Table 1 were also examined. Additional records were located in collections of Brigham Young University, the University of Minnesota, and Colorado State University. These specimens remain in their respective institutions.
Results
Approximately 180,000 specimens from 695 collections of 443 Michigan localities from the 1930s to 2015 were examined during this study (Figure 1 ). From these specimens, we determined 295 total species, representing 20 families and 76 genera. Of these species, 41 are reported from Michigan for the first time and 204 are new since Leonard and Leonard's (1949b) checklist. These species are presented in Table 2 , along with their regional and habitat affinities and the depository of specimens. An additional 18 species previously reported from Michigan are listed as doubtful due to synonymy, misidentification, or our inability to locate a specimen (Table 3) .
Oecetis inconspicua (Walker) (Leptoceridae) was the most widespread species, followed by Psychomyia flavida Hagen (Psychomyiidae) and Helicopsyche borealis (Hagen) (Helicopsychidae) ( Table 2) . Oecetis inconspicua was also the most abundant species, followed by P. flavida and Chimarra socia (Hagen) (Philopotamidae). The 11 most abundant species collectively represented over half of all specimens collected. Conversely, 80 species were known from <10 specimens, and 27 species from a single specimen (Figure 2 ). Hydroptilidae (63 species), Limnephilidae (49), and Leptoceridae (46) were the most species-rich families; Hydroptila (28), Hydropsyche (21), and Limnephilus (20) the most species-rich genera ( Table 2 ). The Northern Forested region contained both the most total species and the most species found exclusively in a single region, followed by the Northern Great Lakes and Southern Agricultural regions (Figure 3 ). Medium (4-15 m) rivers had the most total and unique species, followed by small (<4 m) streams, lakes, and large (>15 m) rivers.
Discussion
Nearly all of the species reported here are based on verified adult male specimens. The current location of these specimens is reported in Table 2 . One exception is Table 2 . The 295 caddisfly species confirmed from Michigan. Taxa are arranged alphabetically by family and genus. The number of species within each family is listed after each respective family. Species reported from Michigan for the first time are in boldface type. Collection data for each newly-reported species are included in Suppl. material 1. Spcs = total number of examined specimens, locs = total number of known localities. Dep. = museum with the largest number of deposited specimens. HCIC = Hillsdale College Insect Collection, INHS = Illinois Natural History Survey, UMMZ = University of Michigan Museum of Zoology, DER = personal collection of Dave Ruiter. NG = total specimens known from Northern Great Lakes caddisfly region, NF = total specimens from Northern Forested region, SA = total specimens from Southern Agricultural region (Figure 1 ). Lk = number of specimens known from lakes, SR = number of specimens from small (<4 m in width) rivers, MR = number of specimens from medium (4-15 m) rivers, LR = number of specimens from large (>15 m) rivers. Total number of specimens from the various habitats and regions may be less than the grand total of specimens for that species due to a lack of information about some collecting localities. (Ross, 1938) Leonard and Leonard's (1949b) checklist that are considered doubtful due to synonymy, misidentification, or our inability to locate a specimen. Rhyacophila lobifera Betten (Rhyacophilidae), whose presence in Michigan is based on larvae and genetic analysis (Abigail Fusaro, unpublished data). Adult male specimens of Beothukus complicatus (Banks) (Phryganeidae) were collected by PLH and identified by BJA. The specimens were subsequently lost. Due to the distinctness of the male genitalia, it is unlikely that these specimens were misidentified and so B. complicatus is included on the checklist. Likewise, Fabria inornata Banks (Phryganeidae) was included in Leonard and Leonard's (1949b) checklist. We have not been able to locate specimens, but find it unlikely that this distinctive species was misidentified and so have included it on the checklist. Conversely, Ceraclea nepha (Ross) and C. punctata (Banks) are more difficult to identify so, in the absence of known specimens, are excluded from the checklist (Table 3) .
Michigan caddisfly species richness appears similar to that of Minnesota (277 total species) and Ohio (272), two adjacent states where surveys of comparable effort have recently occurred (Armitage et al. 2011 , Houghton 2012 . All three states generally harbor similar numbers of species in the same families; exceptions include Brachycentridae, Glossosomatidae, Hydropsychidae, Limnephilidae, Phryganeidae, and Rhyacophilidae (Figure 4 ). Overall distribution of specimens per species (Figure 2 ) follows a similar pattern in both states (Houghton and Holzenthal 2010) .
Michigan and Minnesota also exhibit similar regional patterns, with higher species richness in the Northern Great Lakes and Northern Forested regions than in the Southern Agricultural region (Houghton 2012 ). These differences are probably due to both natural and anthropogenic factors (Houghton 2015) . The majority of streams of the Northern Great Lakes region drain into Lake Superior and are of high gradient, especially their downstream sections. The majority of the region is forested, leading to low levels of watershed disturbance. The Northern Forested region is also relatively undisturbed. Most streams drain into lakes Michigan and Huron and tend to be of lower gradient. Streams of the Southern Agricultural region also tend to be low gradient. The region contains >90% of Michigan's human population (www.census.gov) and most of its agriculture. Thus, streams are surrounded by anthropogenic disturbance. Although the majority of Michigan caddisflies have also been collected from adjacent states and provinces, and Michigan does not have any known endemic species, there are still some noteworthy Michigan records reported in this study. Polycentropus timesis (Denning) (Polycentropodidae) is known in Michigan from 4 sites in Lake County in the northwestern Lower Peninsula. These sites are separated by >800 km from the other known P. timesis collection sites in Massachusetts and New Hampshire (Weaver 1995) . Prior to the Michigan collections, Holocentropus milaca (Etnier) (Polycentropodidae) and Oxyethira itascae Monson and Holzenthal (Hydroptilidae) were both thought to be endemic to Minnesota (Houghton and Holzenthal 2003) . Hydroptila tusculum Ross (Hydroptilidae) was previously known only from collections in the southeastern U.S. (Moulton and Stewart 1996) ; the nearest reported collection is ~1,200 km from the single Michigan locality in the northwestern Lower Peninsula. Interestingly, H. tusculum has also been collected from Wisconsin (unpublished data), indicating that it is more widespread than originally thought. Similarly, Neureclipsis piersoni Frazer and Harris and Nyctiophylax serratus Lago and Harris (Polycentropodidae) are known in Michigan from Sleeping Bear Dunes National Park in the northwestern Lower Peninsula. Both species represent >500 km range extensions from their nearest known collecting localities in Kentucky (Rasmussen and Morse 2016) .
Including the current study, 20% of the total caddisfly fauna of Michigan, and almost 40% of the hydroptilid fauna, has been reported during the last 10 years, despite a >80-year collecting history in the state (Table 1) . Moreover, nearly all recent regional studies have resulted in new state records. Thus, it is likely that additional species remain undiscovered in the state. Future research will include a more comprehensive faunal analysis relating species to habitat preferences and anthropogenic disturbance levels, as well as a conservation assessment of individual Michigan species. facilitated by Kevin Skerl, Chief of Natural Resources for the park. Permission to sample in the Huron Mountains was provided by the Huron Mountains Wildlife Federation.
